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SUILARY

The lateral- and directional—stability and —control
characteristics of a twin-engine patroal airplane as predictod
from the results of wind-tunnel tests of a powered madel and
as measured in flight are compered in this rennrt, The
predictisnsg from wind tunaelntest data were in gond agrcenent
with the flight—-test resultse The results siwow that such
predicted Tlying-qualitics characteristics are sufliclently
accurate to indicate the unsatisfa wetory lateral- and
direct‘owa1~wtab;lluj and —-control characteristics or air-
plancs in the prelinminary desizn stage. The wind-Tunncl
data nay be used to deduce the chicef reasons for thesc
unsatlsfTactory characteristics and to indicate possible
methods of improvenent,

INTRODICTION

During the pnast several ycars, the flying cualitlcs »f
various oirx Dlﬁnes have been cstinmatced from the rcesults of
wind-tunnel tosts nade while the ai irnlaene was in the design
stage, Thesco predicted flylr" ou v1itles have been uscd tn
determine compliance with the critical stability and control
rcqni“exent Basic chenges 69 the alrplane, necessary for
earrecetion of uﬁs&t1°fuwu0rj nu¢%occr1gtlob, hove been
debermined from these datas 110 comprehensive study of the
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accuracy of such ncthods of predictions has becen made in the
nast, and 1% was considered desirable tn commarce in a detalled
annner the predieved flying cualitics with thosc measurcd in
flicnt, Buch a cowmerison should Leoad to o better under—
standing »f the accuracy of the predictinons, as well as to
improvenents in tests and methods which will result in nore
accurate cgtimatecs in the fulturcs

As a part of this corrclation progrom, flight tests were
made to deteornine the flying cualitics »f a lov-wing, buin-
cngine natrol airnlenc for the purposc of comparison with the
results of testc of a 1/9-scalc powercd nndel in the Ames 7-—
by 10-fnat nd tunncl, (See rcferonce l.) The airplanc config—
vrations anu legnt conditions Tor gnmce »f the flight teste
were differont from thosc used in the original wind-tunncl
tests reportced in refercnce 1; hence, 2dditional wind-tunncl
tosts were made and the results usced in corputing the nredicted
flying aqualitics proscented hercin,

b

For this airplone, latcral— and dircetional-stobility and
~control characteristics o7 imnortonce in design work ond
nnst sultable for corrclation verc thosc in steoly sideslips,
asymrctric—power flight, ailernn rolls, and rudcer rolls;
henece, the results presented hercln ore conflinecd ©n Thesc
charactoristics. Tae corrclatinsn »f the longitudinal-stabllity
~nd —control chovacteoristics have been prescnted in refercnce 2.

ETI0ON OF THD AIRPLalE
The %est airplanc is o twin-cngine, low—wing, mcdium—size
rmonoplanc., It is cquipped with rctroctable convend¢odol~ type
landing geor tﬂin—V“PblCO¢~t817 surfaccs, and b:&lllng~odgu
Foulcr—-tyne vlﬂ* flons, Figurcs 1(a) and 1(b) arc photographs
of the airplanc os 1wut”umont cd Tor thwc flight tests and
figurc 2 is a threce-vicw drowing. Fipurc 3 shows detolls of
the vertical toil surfaces and figurc I of the wing ond
ailernn. Turthcr information on the veorticrl teil, wing, and
alleron orc given in tables I and IZ. The gencral specifica-
tinns and dimensinng of the airplanc have been prescnted in
rcfercince 2e

The relatinnshin of the rudder-pedal travel ond the
rudder angle as mcagured on the ground with no load »n the
surface is given in figurc H. Eauu control-surface angle is
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defincd as The angle between the chnrd Line of the movable
rface (16 the chnrd line of the surface to whicih it 1is
attacked, The ncclhianical advantaze »f the system varied aver
snell ronge and the date of figure 5 rcprgspnt average
valucs, The kincmatics of the rudder—tab system, which was
a combination trim and boost typo, arc reprcecnted in figurc 6.
The boost action was adjusted cceording to the recommendatinong
nf refcercnce 3.

O

O

The kinecmatics of the ailernn control system, as measured
on the ground with no load »n the control surfaces, arc pre-—
sentcd in figure 7. The torm Wiotal aileron angle" refers to
the algebralc difforence betuecon the angles »f the tim
oilerong, and is roferred to as "left" when the left alleron
is up, 7The ailernn-tob characteristics arc shoun in figure Ca
The right aileron tab actod os o bongt tab only and the loft
aileron tak as a conbination mnst and trim tab,

*\Jb

The frictinn in the rmudder and allerasn conivrol g

2.
SUCLl,
-

b

v
ag measurcd on the T“OL“d uuri;g glowr contrnl wovement
through ncutral, was x£25 and £0,5 pounds, TCS)P”"“"C7 .

&
13

The 1/9-scole powered mndel of :
os been Jeoscribed in refercnce 1.  ZXce
of control-curface tabs, the madel was

sinilar to2 the alrplane, Tixc cmbour
of the model control surfaces, ¢XCCNT
nf thce elevator, matcacd the Tull—scale al

H%U

Rudder hinge moments were ncasurcd by necans of
rosistance—type strain gages. The mndel had »nly one allernn
(Ieft-hond side) vhich, cue o the plano hinge and small
scole, cnuld nnt be cquipped with strain gages Tor med rsuring
hinge mnumcnts

Power wac supnlied by two cleetric motors which drove
three-blade, rig hc»“aaﬂ—POu tion, 1/9—scale propellcrs. The
propeller—blade angle (;O at the O.75-radius Stﬂth“) e
sclocted as o gand compronisc between the high-specd and 10w~
spced Hover—on flicht conditinng In nm casc did the usc »f
a fixed blade angle lcad T2 scr 1®uo crirors in torque cnef-
ficicent,

C’)
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The definitinns of symbnols used in this report are as
follnvws

Sp rudder angle (measured between rudder and vertical—
£in chord lines), degrees

Sa tntal aileron angle (alzebralc difference »f angles
nT the two allerons), delrees

Fr net rudder control force, pounds
Fa ailerop contral force (apnlied tangentilially »1 a

1l-inch-@ianmeter wheel), pounds

Chgop rate of change of rudder hinge-—nsment coefficlent
vith rudder angle (6Ghr/é ) tab zero, sideslip

¢ conetant

o
)
[0
l__l

hg rate ol change »f rulder hinge-
with sideslip anzle (%Cﬂr/éﬁ
angle constant)

ament coefficient
(tab zero, rudder

£ sidesliip angle, degrees

o) angle »T baulk, degrees

g air density ratio

Te thrust coefficient

D rolling velncity, radian per second
b wing span, feet

v true alrspeed, feet ver second
11.ALC. wing nean aerodynanic cinrd, Teet

FLICET TE3TE

A descrintinon »f the basic confizurations [ow which flight
tosts were conducted 1s as Iollovs:
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Audder R111s

Abrupt 1 rudder were performed ot
170 and 2%0 1 Y in the concéitinn, The rolls
vere started Ir coly stralht fiight, wings level; while
he ailerons wore held fixed, on rubdcr defloction
wos cpnlicd and held as stc?dv a8 pns sible until mazinum
rolling velncity was attolined,
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Steady Sideslips -

Short records were taken in steady straight flight at
varioug angles »f sideslip, left and right, up to the maximun

ags limited by high rudder forces or tail etslliing. Tests were
perforned at varinus constant airspeeds in the climb and glide
conditions, and at ons low airspeed in the landing, approach,

and wave—-ofT conditions,

Agymmetric—Power Flight
The effectiveness of the rudder and aileron {(tabs set at
neutral) in controlling the airplane under asyumetric-power

conditiong, flaps and gear up, was lnvegtigated oy performning
steady sideslips at various airspecds whlle one englne was
developing maxinum available pouer and the ~ther engine was
throttled, The teats were nerforned for the right- and
left—engine--throttled conditions at about 1o-miles-ner-hour
increnents from 170 to 10 miles per hour (the mininmum deened
feasible).

Aileron Rnlls

Abrupt rudder—fixed alleron ronlls wWere performed at varinus
airapeeds in the climb and landing conditions, Tmile in steady
straight flicht at each airspeed, various zacunts 50 left and
right ailernn deflection up to the maximum cbualrenls were
applied and held until maxinum rolling veloacity wés sttained,

WIND-TUNIEL T28TS

The wrocedure for the wind-tunnel tests was the same as
that nutlined in reference 1, but most »f the date presented

herein were obtained from repeat tests which have not been
reported previosusly,

Bacic Data

The data were obtained from constent—thrust-coefficient
vaw tests as described in reference 2, The estimated flight
Te — Cp, relationships for thie varisus power conditlons were .
1scd to deternine the operating conditinus for the wind-tunnel
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testse The flight thrust and 1lif{ coefficients were matched
as accurately as possible in all cases, Throttled engine
operation with the propeller not feathered (glide, landing,
and asymmetric-power conditions) was sinulated by operating
at a thrust coecfficient of -0,0N, Asymmetric—power tests
were made to simulate both left— or right-engine failures,
Alleron—effectivencss data were obltained from previsus tests
on the model (reference 1), and the ailernn hinge moments
were estimated from the data of rcferences U and 5, corrected
by the method of reference 6 for physical differences such as
plan form and balance area.

41

Tethods for Predicting Stebility and
Control Characteristics

The airplanc gross welght (26,500 1b), center—of-gravity
location (0,275 1.A4.C., flaps and gear up), kinematics »T the
control systems, and bosst-tab ratioss ag measured on the air—
plane were used in all the comoutations., The tab cifcctive—
ness for the rudder and ailerons was cstinated from refeor—.
ence 7.

The rolling and yawing velocitics and the sideslip angle
in aileron rolls and rudder rnlls were conpubed by the methods
outlined in rcfercnce &, The demping coefficicnts in yaw and
roll were estimatced from rcfercnccs 9, 10, and 11. 1o
corrcctions for wing twist werc made in the computation of the
maximum rolling velocity. The rudder forces in abrupt rudder
rolls were computed on the assumptinon that the maximum rudder
force was developed at the instant the manecuver was startced.
Aileron forccs in rolls were corrccted for the change in
angle of attack due to thc rolling velocity.

The characteristics in stcady sideslips for both the
symmebtric~ and asymnctric-power conditions were comnputed by
the methods 2f rceference 12,

RESUILTS AND DISCUSSION
Characteristics in Rudder Rolls

Data obtained in abrupt ailcron-fixed rudder rolls are
useful in estinating values »f Chér and in assessing the
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brealidown over tke vertical tall agsnciated with the lower
mndel Reynolds number, In the land ing condition (fig. 13)
the wind-tunnel Q&Gd obtalined at the high test 1ift coef-
ficilent (Cp = 1.70, near the maxinun for the model) and low
thrust c¢oefficlent were erratic. Recompubed control-force
values based nn data obtained fron tests at the same thrust
coefficient but at a lower 1ift conf_cheqt (C1, = 1.10)"
give better agreement with the fiight results, AT The higher
airspeeds (figs. 11 and L”) the l"“”er rudder cnntrol forces
for the £light tests arise ;n pars from the gre°tef values »T

Chg noted in the ruldder-rell discugsion., The remainder »f
the” difference can be attributed chiefly %o dlfiercnoes in
values of Chp , edual to about --0,004% for

fllght tests and
~0,00U0. for wind-tunnel testa, '

(dihedral effect),

. The alleron-fixed atcral stability
as measured by the varistlon of total alleron angle with
sidesliyn angle isg ;ositiwe it all caszg and L
betveen flicht and wind-tunnel dete 1s gond
value of Aa85/dB Tor the fiight data at hig
(fize 12) may be due o wing—twist effeoct.

Prngitive aileron-free lateral red by
the variation of aileron control o1 ngle,
is shown for flap— and gear-up condi Tiign
and wind-tunnel results, and the va i1

IR RN ]
1
-

oA

z0o0d. g“eomeut. For the flap—. and

1k rand 1%), max Plnﬂl ste oility is ind
A

().Llfoo -_’), .

all the dat

e
,
o

&

The cross-wind force characteris tics, as shown by the
variation »f angle of bank with sidesllip angle, are satlis—
Tactory in all oases, and the agreenent betveen Tlight and
predicted values of ~dAd/dp is very good.

.

'sglnetrlc~D0we »Characteristlcs‘

The data f?f the steady SlJPQ1¢0° under asymnetric-power
conditinong are plotted in figures 16 and 17 as a function of
sides lip a-n@le° - Cross u¢otb 2oy the condition »f 10° sideslip
toward the live eﬂg ne are given in.figure 18, ’

With regard to the conu“ol characteristice under .

oy“netric~power?bondltlon the sane general conclusions can
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be drawn from both the wind-tunnel and flight data. For each
case, figures 16 eand 17 indicate that the rudder and aileron
are sufficiently powerful for zero—yaw flight at low speecds,
although zero-yaw runs were not made in flight due to excessive
rudder control forces. Nelther the predicted nor flight values
of aileron control force are too large, bubt the rudder control
forces {(espccially the Clight values) arc excessives

For the left—engine—throttled conditisn (fig. 16), the
flight and wind-tunnel values of rudder angle are in very gond
agreement, For the right—engine-throttled tests (fig, 17),
however, greatcr (morec left) rudder deflectlons werc needed
in flight than werc predicted. Comparison »f the wind-tunnel
data for the left- and right-engine~throttlcd conditions
shows that, as is usually thc case, considerably larger rudder
deflections arc requirecd for the left-cngine—throttled condi-
tisn (right-hand propcller rotation), The flight data of

igure 1€ show »nly slightly greater deflectiong with lef®
engine throttled, and extrapolatinn of the data of figures 16
and 17 indicatcs that the magnitude of rudder angle requircd
foar zoro sideslivn would be about the samc Tor cither englne
throttlcd.

The correlation between flight and wind-tunncl values of
rudder contrnl force is similar to that for the rudder angles.
Fer the loft-cngine—throttled condition (fig. 16) the agree-
nent is good., Rudder control forces for zero sldeslip would
be excessive, rudder—free flight appcars impossible, and the
speed for Tlight at 107 sideslip with & right control forcc »f
180 pounds is 15K miles per hour. For the right-engine-
throttled condition (fig. 17), the wind-tunncl data show that,
with a rudder conbtrol force of 180 pounds, steady flight could
be maintained at nearly zero sideslip at the test spceds;
whercas in flight the forces were t92o large to permlt zero
sideslip flight and a left sideslip »f aboub 10° accompanicd
a 180-pound control forcc at 142 miles per hour, liost of the
difference in rudder control-force valucs betwcen the flight
and wind-tunnel tests can be ascribed to the corresponding
diffcrences in rudder deflecctlon,

The correlation in the values of aileron angle and angle
of bank is considered gond, espccilally for the right-engine-
thrnttled condition. The computed aileron control forces,
based an estimated hinge moments, arc larger than thosc for
flight, but indicatc the same gencral charactcristics.
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Alleron Rolls
The variation of the maximum rolling veloclity at sca
level and change in aileron control force with total ailernon

angle in rudder—fixed allernn rolls for the climb and
landing condit’ono awe oresented in figures 19 and 20, In
all cas eD it is seen that the arfeewent between Tlight and
w7in unnel rpsvluu is ex cellont The change in sideslip
angle b cwucen the atart of the maneuver and the time of
raxinunm rolling ve;oolby is shown in figure 19 for »ne air—
speed, and for the examole shown the change is in a favor-
able direction. The agreenent between Pl¢oP and wind-
tunnel reoultg 1s indicative af SablufaCtOPy predlction »f
the yawing cha““ctePWﬂulcs, which are important in estimating
the r0¢¢iwg eloclitises The usual nethod of predicting
naxinum rolling velnci ie includes & reductinn factor to
acenunt o the usuallj 1favorable yaw dus To ailsron

(Y

!
deflectinn and would not have given as accurates predictiong

'3

-
-

S B

(_—+o

-1

as the methad »f reference & in which the vauwing character—
istics are eﬂiggatem in more detall, ’

A summary cross plot derived fron the data of figure 19
ls given in figure 21 in which the change in total alleron
angle and maximun pb/ov corresponding to an 80-pound control
force are »nlotted as a function of airspeed. Both the Flizhd
and wind-tunnel data indicabe thet, although the allersn
effectiveness is satisfactory, pb/2V at high speed is
seriously limited by the high control forces.

COMCLUSIONS

Based nn the data presented in this report, the follow-
ing conclusiong can be drawn with regard to the correlation
2T the lateral- and dliectlonal~steb111tv and —-control
characteristics of a low-wing, twin-engine patrol alrplqne
as predicted from wind-tunnel teatu wnd as measured in flight:

e

1. VWind-tunnel predicsidns indicated the critical
unsatisfactory directional and lateral characteristicse The

most serious of these were the generally high rudder control
forces, which resulted in uns%clsfacuor asynmetric-power
control, and nigh aileron control fOTCOu, which seriously
linited the rolling ability at normal and high speeds,
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2, The wind-tunnel data were, in general, sufficiently
accurate to indicate the chief reasons for the unsatisfactory
characteristics and posceible nethods o7 inprovement.

Anes Leronautical Iaboratory,
National Advisory Commltcee for Aernnautics.,
lioffett Field, Celif,
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TABLE T.— WIIG AIID VIRTICAL-TAIL
DIIENSIONS OF TED AIRPLANE
o Vertical tail
Item Ting very-
' ving (total)
Area, sq Tt an76 G, 11
Span, £t . 65,5 7509
hcoect ratio 07079 1095
Taper ratio b3 Losy e
Dihedral »f wing, dog Clz ——
Incidence with resvect
to fusclage reference
line, deg 2 e
Ront sectinn ITACA 23018 ADDT DX,

Tip section
Twist (geonmetric)
la..:L.Cg’ J?t

Ron% chord, £t

¢
i
H
H
]

madified by trail-
ing—cdge extension
HACA 23009
ilone
blO 027
13,78

YAiCA 0007

AT
sRNe

520

8Includes trailing—edge extension
D-XClU sive of trailing-—extension

Clleam

rcd on top of mein beanm
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TARLE ITI.- DIIZIISIOUS OF lLICVABLE
SURFACES, OF THD AIRPIAITD
| Alleron rRudder (Flap
T 1 L
Lvem (seck) | (oaen) | (emen
fal b . - 2 - Ca T S 7 8-;
Arca aft of hinge line, sq It 17..45 1§°SO 5;,30
~ T Z i
\DU ) e l]‘-c:?_ _1i08/ %%e?ﬁ‘
Percent spar 3‘-;1 ),) _LO? -
ance type Banst Paddle | =~
tab ! talance |
band wonet |
i tab
t }/'
Delance area, sq 't 8 1 1és; L
- - | — e
Percent balance . i 10, < -
e 3 ...j ) 210 B ) P
Gontrol travel, degP 20.2 up | 27.8 left |38
E,05 dowm | 29,0 right
o 2] s ————
Trim tab arca, sg It Cod4 | %,9%;
Tab spein, Tt ;9330 ‘q%,l/o T
- Zl e o ————
Tab travel, deg | _JHeth up 57097 }Zi§+-
122,% dovn | 26.0 right]
1o (ase/as) | 0.87 . 0,22 l-—-
Average bonst ratio (a8t/ds) | Y ‘ . |
1 1

awot including trim tab
tyalues uscd ﬂuilnf tests




*93803 Y33[J J0J pejueUNI3SUT $% euv(dITe oyl -°1 exnIyy

*PejoBaged sdBTJ ‘MoTA quUOI (®)

A5H30

MR No.

. ] _\l< » - ' *




A5H30

MR No.

1LY

*$1591

sty

JOJ PejusuNnJjsur se sueTdIle 8yl

*pejoeTJep sdBTJ ‘meTa JBOY

‘pspnyouc] - °| 2angtyg

(q)




ATl

MR No. AS5H30

Sr:0” :

NATIUNAL ADVISORY
“OMMITTEE FOR AERONAUTICS

Fiqure 2.- Three-view a"awing of rlhe airplare



A7

MR No. ABH30

Prano finge an inboard side

—F _’_hé_

Scorle f}\
Combination frim arnd
boosr Fab

ih

/ |

|

§

\ J

Hinge /e
NATIONAL ADVISORY ,t////
COMMITTEE FOR AERONAUTICS
_ A ——
R N

Figewe 3. - Sketch of vertical fall swiloce of
The  aurplare.



A7

MR No. ABH30

o 2 <’

Jcale

e stoks

NATIORAL ADVI SORY
COMMITTEE FOR AERONAUTICS

Fiop

Fralling =5

V)

L 4
P-4

el — _— — g

FRgure #.— Skefch of right wirky of rhe awrplore




ATl

MR No. ABH30

Rudoler _conmrdd ree _ 129 /b//b P

. Rudder hinge momerrt

e

N\
¢
I3
S o
\
)
Ry,
Q
N
T s

ENpE)

L

JFo
NATIONAL ADVISORY Mox. 3.8 °L -~
COMMITTEE FOR AERONAUTICS
& > 2 o 2 + &
rearwara rorward

Lelt rudter-pedal Fravel in.

Figure 5, - Variation of rudber angle with rudblerpeab/
position. Colibrared on Yhe ground with ro load on
the contra/ swriaces




ATl

MR No. ABH30

kg, ,
X r/g/vf_ z

e

)

N

Rudtfer-rob arngke,

Vs

8

Average boosr-tab raro a{/./&-o.zz

— Cockprt
~ _ et
S~ # gMax.
> \2£8L
a5

——
—
———
————
T ——

= SEER
Max

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FO 20 JerF /0 @ /Q raht <0 o

Rucltoer orng/e/. -a’e;

Frgure 6. —Variafior) of oo fonb a'ng/e with  rudder
argle  ror different ruabler-r10b cockoi seffings.




SSILLINS JOYATD DY U0 fHOC) OU Ly e oy
Lo pEioigno> ﬁ&&&nuﬁ\,xmu¢s«dhvﬁkxvu G SHEUD WIS SO LIOLOIDY —" [ 2l

1D4ENSU Uttt BSO WO/ IEOT JASUYM /OSSO

ABH30

MR No.

A1t £43
o8/ ozs oo o oo oz/ o5/
Wp  ASYSUIOW .
[EEYM ~JOINIOD | LI Co mw.xw mww
% SO1LIAVNOYIVY ¥O0d 33LLINWOD e ._ NNm ||\w w Gf
> _>xow.>oc IVNOILY N \ ~ W R S
N — N S
§ : — Yoy, o7 &
Hllllllllllfrl R}M\NNNQ\&M\meltl/uV\\\ q | NS
N
Ry NG
3 5
N} Q
o w o
3 3
D9
p r9
0\@ o> nm,
- N U.
| - S g
Q..h ‘“h./ ey
— LR TXEL) ~
o7 O
OSSO JE LIRUISO fLET*
o

| LV




AT

MR No. ASH30

- ~
~
N Average boosTTab
N ratid /o= 0.67
SO0 ~
Q N
3 ky
3
A\
\Ma\f SL3R
%g\ 70 &5
0 Kight aileron fob
g\ or off codboit eI 17gs
q ° |
X\
@ 70
]
20
N
3
D N
FO L]
X
S
X
7 \
ComuiTTEE FOR MERONMITICS |
50 |
Mok 26 L |
70 O Vi <O GO
aaoinvr Aileran onq/e, a’eg 27

Frgure 8- - Variafion of aleron-fab ohgle with alferon arngle
ror aifferent aieron -tob codkprt setfings:.



Lo bd

MR No. ABH30

(a) Front view, flaps retracted.

(b) Rear view, flaps down,

Figure 9.- The 1/9-scale model of the airplane mounted in the 7- by
10-foot wind tunnel.
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